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FOREWORD

~

The work of testing and analysis of this equipment was performed under
Research and Development Order No. 102-22, "Airborne Teletypewriter Equip-
ment," by the Communications Branch, Communication and Navigation Laboratory,
Directorate of Laboratories, Wright Air Development Center, Wright-Patterson

Air Force Base, Ohio, Mr. William S. Dwinell served as project engineer,
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ABSTRACT
Tests and analysis were made of the Swiss ETK Teletypewriter, manufactured
by Dr. Edgar Gretener A. G., Zurich, Switzerland.

The sequerice of operation and the functions of all component parts were
determined and sre described in detail in Seotions III, IV, and V.

The tests and analysis were not conducted to determine what USAF use
should be made of the equipment, but to present the principle of operation.

PUBLICATION REVIEW
This report has been reviewed and is a;}proved.
FOR THE COMMANDING GERERAL:

e %—/g)“fé&{_-/' ‘
CHARLYS U, BROMBACH
Colanel, USAF
£/ Chief, Corm end Nav Laboratery
Directorate of Labarstories
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INTRODUCTION

Various methods hawve been wnder commercial investigation for the incorpo-
ration of errar indicetion provisions in teletypewriter éyatems. One approach
to this problem is through the use of an elemental printing technique. In
this system, a character 1s composed of a combination of marking bits, each
bit being the result of & finite slecirical signal. Consequently, disturbence
of any individual signal will result in the eddition or deletion &f une marking
bit. This results in either a mﬁtilated or en incomplete character, thus
accomplish}ng the error indicatiom.

One equipment utilizing the elementel printing method i1s the Swiss ETK
Printer, developed and manufactured by Dr; Edger Gretener A. G. of Zurich,
Switzerland. Three machines were obtained on or asbout i June 1951 by Wright
Air Developrent Center, from that source with the assistance of the USAF
Intelligence Department and U. S. fareign legation at Bern, Switzerlend. _

Prior to this time, proprietary rights restrictéd dissimination of the
detaiicd operational description of this machine. However, upon receipt of
permission to release this information, & detailed study was made of .the
printer functions, component parts and their use in the sequence of operations.
This information is herein presented inasmuch as it is not detailed in the
Hendbook of Opersting Instructilons,
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FIGURE 1
SHISS ETK TELETYPEWRITER
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FIGURE 3
SWISS ETK TELETYPEWRITER, COVER REMOVED
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SECTION I
GENFRAL DESCRIPTION

1, General Informations

The Swiss ETK Teletypewriter is an elemental printing machine, operating on
the asynchronous "stert-stop" principle, It utilizes a conventional electro-
mechanical printing sontrol system. Unique, however, is the method of character
printing. The character is formuleted by the printing of a combination of 14
sign elements, of which a meximum of 5 impressions are reqnired for printing any
complete character. The character, composed of the appropriately selescted
elements, is printed during cne revolution of the type wheel, Rotational torque
impressed on the type wheel and the other component element is supplied through
the use of & 12 volt governed motor.

The apparatus is stored in an aluminum cerrying case 18-1/4" x 13-3/4" x
11.1/2", weight of which when loaded is 56 1lbs. This case contains the ETK
tolotypowriter, amplifier, four commecting csblas and a box of spare parts.

Operation may be accomplished from a prime power supply of either 110 or 245
volts AC or 12 volts DC. The equipment may be used either on land lines or in
conjunction with a radio-telephone circuit directly, as output from the set is
in the form of an awdio tone,

2. Component Parts:

The Swiss elemental printer consists of a tranamltting keyboard, typing unit,
bese and cover. The motor is mounted on the base perpendiculer to the typing
unit. A tape reel is located on the base behind the motor.

The typlng unit consists of the selecting, printing and associated functional
mechanisms.

3. General Operation:

The keybosrd section transmits signal combinations of the stert-stop 14 wnit
.code to the selecting mechanisms of all intercomnected typing wmits via the
assocleted terminal umit.

In order to msintain synchronization between transmitting and recelving
wiits, each group of selected imtervals is proccded by 2 start interval and
followed by a stop interval,

A holding megnet, loceted on the typing wmit, responds to the start and stop
intervals for synchronizing the receiving machine with the transmitting unit. A
can-operated contect awitches the recelving circuit from the holding msgnet to
the sclactor magnet after the stert interval is received,and beck to the holding
magnet when the stop interval is received.

WADC TR 52-266 1




The type stamps are mounted on the type wheel which,for every transmitted
letter, executes one revolution. As the type wheel rotates,a spring loeded print-
ing hammer, which is held in the cocked position by the selector magnet, strikes
the proper type stamp when a "no current condition®” exists at the selsastor magnet.
The elements are printed simultaneously with the reception of the impulses,

Rest condition of the system,during which time an action arresting or holdirg
magnet is energized, results from open keyboard contacts. Closure of the key-
board contacts, with subsequent transmission of the informetion via the trans-
mitting commutator, sctuates the receiving magnet by signal reversel through the
associated terminal unit. Detailed explanation. of this is made in Section II.

WADC TR 52=266 2




SECTION II
SEQUENCE OF OPERATION

In order to understand the detalled functions of the individual component
parts, femiliarity with the over-all soquencu of operaticns is desivable. Fol-
lowing, in sequential operations, is a presentation of the trsnemission and
ultimate primting of the letter “H",

(1) "H" koy lever is depressed.
.(2) Koyboard transuitviug swivches numoers O, 1, L and 5 close.

(3) Keyboard locking lever holds "H" key lever locked, and prevents
depressing additional key.

{L}) Closing of switch O (designated atart switch) actuates control relay O.

(5) Closing of control relay 0 furnishes operating voltage to commutator
segments nuwmber 0, 1, L aud S

(6) TVoltage present on segment 0 is transferred via the brushes and
interconnecting line to the 1llne unit, and the scoreen grid of the
combination gate and oscillator tube.

(7) The tone start pulse is carried through” the line unit and results in
8 ourrent drop through the drive shaft arresting magnet.

(8) The arresting magnet is de-ensrgited, releasing the drive shaft and
permitting its rotation.

(9) The magnet transfer switch, actusted by a cam on the drive shaft,
switches the receive circuit from the drive shaft arresting magnet
to the element selecting magnet.

(10) Concurrently, separste switch contacts on the magnet transfer switch,
re-energizes the drive shaft arresting magnet. However, a magnet
erresting oam prevents the arresting of the drive sheft,

(11) The transmitiing brush oconteots commutator segment number 1 and trans--
mits the signal pulse to the line unit,

(12) Chersoter pulse number 1 de-energizes the element selecting magnet
and permits the printing hammer to strike number 1 element of the
element head, thus printing the element "1",

(13) The oontrol relay switch, lcoated adjacent to the megnet transfer

switoh, end similerly actusted by a cam on the drive shaft,
de-energizes the control relaye.
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(14)

(15)

(16)

(17)
(18)

(19)

The transmitting brush contasts (in sequence) segments number 2 end 3.
As no voltage exlsts on these contacts, the gate-oscillator tube is
non~conductive, current flows through the elerment selector ragnet and
the printing hammer is retained in the cocked position,

Character pulzes numbers 4 and 5 are transmitted to ths element
selscting magnet as desoribed in operation 11 and 12, thus printing
the eleoments "=* and "1", The combination of the three elements
orinted thus compose the letter "H®,

The arive shaly ccupleies iUs rotatimm, and sinve no other commutator
segment is energized, the printing hammer is retained in the cocked
position throughout this interval.

The keyboard locking lever is relessed, thus releasing the depressed

key,

The holding magnet .. .esting cam permits the holding magnet to arrest
the drive shafv.

The magnet trensfer and relay tranafer switches return to the rest
position reset for initiation of another operation.

WADC TR 52-266 4




SECTION III
FUNCTION (F TEIETYPEWRTTER PARTS

1. Keybesard:

[No== Ve SR

8. Pressure on a key or space bar causes the assoclated key lever to strike
the edges of a selector bar, which in turn sets up the key switch combination for
the desired character. The key levers have extrusions arranged in a coded

- gsequenced so as to strike the proper selector bars. The selector bars are pivoted
at the end in such a manner that pressure on them from the key levers causes them
to swing down, sctueting en ecccoentric arm, A double throw single pole switch is
attached at the end of each selector bar, and the motion of the eccentric arm
actuates the key switch.

FIGIRE 4

Bottom View of Keyboard Section (Cover Removed)
Showing Key levers and Selector Bara
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. b. Switeh #0;-located on the upper left side of the keyboerd, is closéd
vwhen any key is depressed. OSwitch #0 is referred to as the starting switch.
SYN, YWERDA and WR keys close only switch #C.

¢. In order to prevent errors in signal sequence, caused by too rapid
"depression of typing keys, a locking device is incorporated. The locking bar is
moved into place mechanically preventing the depression of another key until one
complete revolution of the type printing mechanism has been completed. To pre-
vent repetitive printing of one character when a key i1s held down, a displacement
arm releases switch #0 nescessitating a complote cycle to bo reinitiated.

d. Repetition of transmission is effected by the repeat (SYN) key. This
key is self-locking. Depression of the,SYN key holds the locking bar back and
prevents the transmit switch from being locked for one cycle only. To contin-
uously print a character, the desired key and SYN key are both depressed and bhe
character key held,

FIGURE 5

Keyboard Contects and Transmitting Commutator
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e. The depression of a key closes the proper switch contact and completes
the circvit from lines 22 to 24 for switeh #0, and from lines 16 to 22 for
switches #1-14. The function of switch #0 is to provide a starting signal to be
fed te the control unit through line 24. The closing of any key switch other than
#0 places 10 volts potential on the associated segment of the transmitting
cormutator (Figure 7, No. 4). Subsequently, as the brush (Figure 7, No. 5 rotates
along zhe segments it will pass the voltage pulses to the control unit through
line 16.

2, Relay ®0%s

&, Relay ®0", the start relay, is located at the rear right hand side of
the base. (Figure 6, No. 2).

FIGURE 6
CNTROL RELAYS
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b. The purpose of relay "O* is to provide a voltage to segrent #0 of the
cormutator which provides the following functions:

(1) Provide synchronizing signal.

(2) Provide starting signal that releasea the drive shaft arresting
ragnet "5", and permits the printing shaft to rotate, '

c. Three wires are attached to the base of the relay. Brown-green to
switch 8 (n2), red-white to typing speed control and red-blue to switch 8 (n2 and
n3) Two wires ere attached to the switch of this relay; red from power supply
to segrent #0 and green~yellow to ground.

d. Complete time sequence of operstion of relay "O® in conjunction with the
brush and relay “5% was covered in Section II.-

3. Relay "C":

a. Relay "C", is located next to and in front of Relay "O*. (Figure 6,
No. 3)0

b. The purpose of this relay is to provide a constant voltage to the commu-
tator brushes so that all elements will be printed during a printing cycle. The
"WERDA® key, when depressed, closes Switch #0, and in addition completes the
circuit from line 23, through relay "C", to line 5.

- ¢. Two wires are attached to the switch of this relay: Red-gold to the
brush and green=yellow to grownd, '

L. Switch 8:

a. Switch 8 (Figure 7) actually consists of two separate switches. The
front switch (n2) (Figure 7, No. 7) has two arms; the bottom red-green lead and
top green~-brovm form a series circuit with relay ®O", The rear switch (n3)
(Figure 7, No. 6) has five arms with the top and bottom srms wired together. The
bottom srm, number 1, has its red-blue lead comnected to relay "0, "C2", and
nsn, Nunpber 2, a blue-white wiire has 35 volts potential with respect to groumd.
Number 3 arm is connected to relay "6" through the red-gray lead and number 4,
green-yellow, is ground return,

b. In rest position (no key depressed), n2 is closed and arms 1 and 2 of
n3 are in contact. N2's function is to provide 35 volts direct current to one
side of relay 5%,

¢. In the running position, n2 opens relay "O!'" circuit de=-energising this

relay., Arm 2 of n3 1s connected to arm 3 providing current to relay 6. Arms
4 and 5 are connected switching relay "5" from lines 22 to 18 to lines 20 to 22.

WADC TR 52-266 8
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- d. Switches n2 and n3 are mechanically moved by the rotation of two cams on
the drive ghaft. N3 is the first to be switched from rcot to rumning with n2
opening & very short period later. This time differential insures that segment
#0 will have voltege applied to it during the entire sweep of the brush, and that
relay "0 will definitely be deenergized before the next cycles 1s to astart.
(Without n2, the shaft will go through two cycles instead of one).

5- Mﬁ ﬂéﬁ:

" @+ Relay "5%, Drive Shaft arresting Magnet, is loceted on the left hand side
of tho printing drive shaft and in front of the printing drum (Flgure 3, No. 2).
Its purpose is toc hold the drive shaft from roteting during the rest period, and
release it for printing during ths operating period.

L

FIGURE 8
RECEIVING AND TRANSEITTING IECHANISM
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b. During the rest peried, rcley "5" is enorgized. When closed, the
~engaging arm contacts the arresting arm on the drive shaft preventing the shaft
from turning, When deenergized, a spring pulls the engaging arm upward so that
it no longer contacts the arresting arm,

-8+ During the rest period, this relay inter-comnects line 18 and line 22,
Line 18 ig connected to the output of the econtrol wmit and line 22 connects with
B plus (65 volts). During no signal, a potential of 25 volis exists across the
relay. During transmission of the start pulse, there exists zero potential across
.the relay and it will deenergize, allowing the drive shaft to rotate.

d. During rotation, switch 8 has switohed the relay from line 18 to ground-
ed line 20, Sixty-five volts then exist on the relay, energizing it so that it
tries to stop the shaft from rotation, but a cam on the drive shaft keeps the bar
on the reley from reaching the shaft wuntil the cycle if completed, Switch 8 then
replaces line 20 with line 18 and the reley again stops the shaft from rotating,

FIGURE 9
Type Wheel
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9.  Motor:

8. The motor is a 12 volt direct current shunt motor. A centrifugal switch
governor (No, 2 and 3; figure 10) is incorporated in the armature cirouit., This
switches the speed control resistor into the circuit (No. 1, Figure 11),

10. ZIyping Sg' ead Control:

The typing speed control is located in the far right corner of the base
(No. 1, Figure 6) and.is a potentiometer in series with relsy "C%., Its purpose
geemg to be that of governing the spsed of the typist. This resistor acts in
conjunction with relay "0O" as a deley time for initiation of the start pulse,
thus effectively reducing the typing rate of the equipment., .

FIGURE 11
iotor Governor
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SECTION IV
OPERATIN OF LINE UNIT

With reference to Figures 13 & 14, followling is a description of the oper-
ation of the line unit of the Swiss ETK Teletypewriter. This wmit is & necessery
part of the set, the printing mechenism being incapable of operation without it
or a similar piece of equipment. :

1. Input From Distant Station.

d, The incoming tone signals ere introduwsed +o the linea wmit through
Jack No. 77-(ANSCHLUSS) ard the input low-pass filter, thence transformer coupled
to the amplifier stage.

b. From the input transfermer, the signal passes through the Range Con-
trol (Reichweite) and is condenser coupled to the centrol grid of the amplifier.
The Range Control is utilized to balance the gain of the amplifier with the line
losses. Range of this control is from 10 to 40 db in steps of 3 db.

¢. The tone amplifier portion of tube 1l amplifies the incoming tone,
and is treansformer coupled to tube 12 through the tone filter network composed of
‘resistors 24 and 25 in combination with condensers 48 and 49. Ths output of the
filter is direct coupled to the grid of tube 12 through resistor 27.

d. Output of tube 12, plates of which are in parallel, operates the
selector magnet in accordance with the tone signals appearing on the grid.
Voltage of the plates of the tube varies from a nominal 65 volts for no tone
(merk) and 35 volts for tone (space).

2. Input from Local Station.

a. Signals from the local printer, consisting of DC on-off pulses are
fed to the Iine Unit vlia conductors numbered 24 & 16, Transfer of signals between
the two is accomplished by Switch 8, No. 24 conducting the start signal and No,

16 the character pulses. The pulses appear at the screen grid of Tube No., 10
(Oscillator-Gate) as voltage developed across Resistor 18,

b. The gate portion of Tube No., 10 is bilased so as to conduct only when
the positive voltage developed across Resistor 18 appears on the screen grid.

¢, In addition, the osecillator por:ion of tube 10 oscillates with the
appearance of the voliwge developed across Reslstor 16 on the sercon grid. Con-
denser No. 44 and the primary of Transformer No., 5 form the LC parallel resonant
circuit with condenser No. 46 providing feedback to Tube No. 10. The 1500 cps
frequency is coupled to the grid of the Gate portion.of Tube 10 through condenser
No, 45 from the secondary of Transforrer No. 5.

d. Output of the Gate of Tube 10 is fed both to the outgoing line and elso

back into the Line Unit for monitoring purposes. Actuation of the local printer
is accomplisghed in A manner simller to an incoming line signal., An additional
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fimetion performed by Tube No, 11 is that in conjumetion with reailsters 19, 17
and 21 of the filement circuit, an AVC voltege is developed to control output of
the gate portion of tube No. 10.

e, For origination of a break signal, Line Breaking Switch No, €9 is
connected in such a menner as to firnish a positive voltage to the screen grid of
Tube No, 10, This causes a constant tone to be transmitted to the local and
distent printers causing these machines to print continuously.

3. Opsrational Controls:

a; Line Uni% Front Panel,

(1)

(2)
(3)
(4)

(5)
(6)
(7)
(8)
(9)
(10)

Anschluss ATF., Terminal Jack for line connection.
Ruheklinke. Deed ‘Jack.
lagnetstrom, Reads current into Relay 6 or battery voltege.

Drucken Batteries Panmung. Press this button to read battery
voltage on Magnetstrom,

Batterie-Sicherung.' 8 amp. battery fuse.
Netzpennungs-schalter., lLine voltage selector. 1 srmp fuse.
Magnetstrom=Regler. Current regulator for Reley 6. ’
Reichweite. Range Control.

Unterbrecher fur Gegenstation. Line breek switeh.
Hauptzchalter. Power Selgctcr Switeh.

(a) Netz. A.C. power source,

(b) Aus. Off

(¢) Batt., Battery

b, Line Unit. Terminal Pamsl:

(1)
(2)
(3)
(4)

WADC TR .52=266€

HF=ADp. Radio Inpué
Batterie. Battery Input

laschine. Primary Printer connection.
Netz. 'A.C. power input,
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15,
16,
17.
18.
19.
20,
21.
22,
23.
24
25.
26,
27,
28.
29.
30.
31,
32.
33

APPENDIX I
PARTS LIST, ETK TELETYFEWRITER

No Assignment

Notor and Dynamoctor

Governor

No Assignmant

Clutch Release Relay

Printing Character Release Relay
No Assignment

Keyboard Intelligence Switch
Commutetor

No Assignment

No Assignment

End of Paper Switch

Relay "O"

Relay "C" (Used with Werda Key)
Light Socket (Reading Tape)

Light Socket (Fnd of tape indicetion)
Resistor, 1000 ohm, shunt relsy 5.
Resistor, 1000 ohm, shunt relay 6.
No Assignment

No Assignment

Slide Vire Resistor, Serles with motar.
Resistor, Series with motar.

Resistor, 35 ohm, Fixed resistor in Printing speed control

Resistor, 30 ohm, Taspe Printing Light Circuit
Resistor, 30 ohm, End of Tape Circuit.
Resistor, 300 ohm, Shunt, Werda Relsy "CV.
Condenser, .1 ufd, Shnt, Relay 5.

Condenser, .1 ufd, Shunt Relay 6.

Condenser, .0l ufd, By pass to ground.
Condenser, .1 ufd, By pass to ground.
Condenser, .1 ufd, By pass to ground,
Condencger, .2 ufd, By pass to ground.
Condenser, 1.0 ufd, By pass to ground.
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34e Condenssr, 1.0 ulfd, lotor shuni

35. Condenser, 2.0 ufd, ilotor circuit.

36, Condensey, 50 ufd, Ground return with Syn, switch depressed.
37. MNo assignment.

38. Choke, l'otor Cirouit, Filter.

39, Choke, Fotor Circuit, filter.

40. Choke, Fotor Circuit, filter

4l., No assignment.

42, Battery-Line Switch,

43. Input plug.

L4, Potentiometer, Speed Control of Printer.
45. PResistor, 500 ohms, Syn. Shunt

6. Resistor, Series with Syn. Key.

47, No assignment.

48. Switches 0 throuwgh 14,

49. Bar,

50. PRosistor, series with light.

51. Condensers (2), Counter Circuit

52. Counter Relgy
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2.
3.

5.
6.
7.
8.
Q.
10,
11,
12,
130

15.
16.
17.
18.

19.
20,
21.
22,
23,
24
25,
26,

<8,

29,
30,
31,
32,

APPENDIK II

PARTS LIST- CONTROL PANEL ETK 1T

No assignment
Transformer, lMain power
Transformer, Input, Line Filter
Coupling.

Transformer, Amp=Limiter
Coupling.

Transformer, Oscillator
Choke, Line Filter

Choke, B plus

No Assignment

Choke, Line Filter

Tube, Philips Type DLL21
Tube, Philips, Type DLLZ21
Tube, Philips, Type DLL21
Bias Resistor Shunt
Selenium Rectifler
Selenium Rectifier

No Assignnent.

Resistor, 0,02 ohms,

Resistor, 80(0 ohm, Gate Soresn
Grid bies.

Resistur, 5 ohms,

Resistor, .1 ohnm.

Veriable Resistor, 1000 ohma,'
Resistor, 2 ohms.

Resistor, 11,000 olms.,
Resistor, .3 ohms, Filter
Resistor, .5 ohns, Filter
Resistor, 1 ohm, Reot. Blas.
Resistor, 1 ohm, Rect. Blas.
Reiciweite Switch {Rengs Control
Knob).

No Assignment

No Assignment

Resistor, 5000 ohms, B plus

Resistor, 1000 ohm, Transfcxrrer
coupling circuit,
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33

34.
35.
%.

37.

38.
39.

IJQ:

41,
42,

43,

44
45,

46.
47.

48,

49,
50.
51.

52,

53.
54.

55,

56.
57.

Rouistor, 28 ohas, Filwumwnt
Voltage.

Resgistor; 100 ohm, meter shunt,
No Assignment

Resistor, 5000 ohm, Ammeter ckt
as volvage drop. ,
Reslstor, 2000 ohm, Current
limiter for Switch #8.

No Assignment.

Resistor, 3000 ohm, Secondary
Resistor, 2000 ohm, Secondexy
Reslstor, 50 ohm, filament.
Resistor, 5000 ohm, B plus,
Condenser, Trausformer #3 Shunt,
450 uf .

Condenser, 500 mafd, RL Oso.
Condenser, .005 mfd, Amp Control
grid by-pass.

condenﬂer, .001 Md O8C . FBBd"
beck,.

Condenger, .0012 mfd Control
Grid, Amp.

Condenser, .0035 mfd Filter
Condenser, ,0025 ufd, Filter

No Assignment, .
Condenser, .5 ufd ground by-pass
for gete control grid.
Condenser, (4), Line Filter,

25 ufd ,
Condenser, 50, ufd, Plate Voltege
Condenser (2), 8 ufd, Surge by-
pases,

Condenser, 250 mfd, Filament
voltage

Ammeter, (Megetstrom).

Resistor, 100 olms, filsment
voltags.



58. Resistor, 100 ohms, filamsnt woltags.
59, Ressistor, 100 ohms, Reotifier Plate Isolating.
60, Fuse, 1 Amp.

61, Power Swiich

62, Fuse, 8 Amp,

63. Fuse, 0,6 Awp.

64, Fusae 0,1 Amp.

65. Fuse, 6 Amp. :

6b. Main Switch (Hsuptsshalter).

67. No Assignment.

68, leoter release Button (Druckem).

69. Line Breaking Switch (red button)
70. No Assignment. '

71. No Assignnent.

72. Power Pluw.

73, Conina Pluwy.

74. No Assignment.

75. Battery Cranection,

7. Dead Jack.

77. Gontrol Line Juck.

78. No Assignrsnt.

79. Choke, Line Filter.

80. Choke, Line Filter.

8l. Condenser (2), Lire Filter, .02 uf.
82. Condenser, .U5 mfd slwnt "Nets™

83. Cannon Connector “HF AVP™.
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